Background and Purpose-The most well-known stroke risk score is the Framingham Stroke Risk Score (FSRS), which was developed during the higher stroke risk period of the 1990s and has not been validated for blacks. We assessed the performance of the FSRS among participants in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study to determine whether it is useful in both blacks and whites. Methods-Expected annualized stroke rates from the FSRS were compared with observed stroke rates overall and within strata defined by FSRS risk factors (age, sex, systolic blood pressure, use of antihypertensive medications, diabetes mellitus, smoking, atrial fibrillation, left ventricular hypertrophy, and prevalent coronary heart disease). Results-Among 27 748 participants stroke-free at baseline, 715 stroke events occurred over 5.6 years of follow-up. FSRSestimated incidence rates of stroke were 1.6× higher than observed for black men, 1.9× higher for white men, 1.7× higher for black women, and 1.7× higher for white women. This overestimation was consistent among most subgroups of FSRS factors, although the magnitude of overestimation varied by the risk factor assessed. Conclusions-Although higher FSRS was associated with higher stroke risk, the FSRS overestimated the observed stroke rates in this study, particularly in certain subgroups. This may be because of temporal declines in stroke rates, secular trends in prevention treatments, or differences in populations studied. 
C linical tools to predict disease are important to direct treatments and to counsel individuals on behavioral changes that might modify risks. Recent reports have offered new tools for the prediction of a composite outcome of hard atherosclerotic cardiovascular disease end point, including both coronary and stroke events 1 ; however, these new tools do not directly address risk from the individual components of the composite outcome, and acceptance of these risk functions has been controversial. 2 Several risk scores are available to predict stroke, [3] [4] [5] [6] [7] [8] the most well known and well accepted being the Framingham Stroke Risk Score (FSRS), which was developed during the high stroke risk period of the 1990s. Factors included in the FSRS are age, sex, systolic blood pressure, use of antihypertensive medications, diabetes mellitus, smoking, atrial fibrillation, left ventricular hypertrophy, and prevalent coronary heart disease. 4 The Cardiovascular Health Study (CHS) risk score includes the same risk factors and a measure of frailty. 5 In the development of a risk score from the Atherosclerosis in Communities (ARIC) study, the goal was to determine nontraditional risk factors that may improve predictability of the model; however, their analyses determined that the traditional risk factors performed reasonably well and that the addition of nontraditional risk factors did not substantially improve prediction. 5 As such, the FSRS remains the standard for predicting stroke risk in the general population.
Notably absent from the FSRS, the CHS risk score, and the new American College of Cardiology/American Heart Association (ACC/AHA) Pooled Cohort Risk Equation is the effect of race on stroke risk prediction. The FSRS does not include a term for race or ethnicity because there were few blacks in the study. Similarly, in CHS, at the time the risk score was developed, there was insufficient follow-up among black participants (≈15% of the cohort). Framingham, CHS, and other studies included in the new ACC/AHA instrument included relatively few blacks, and racial differences were not the focus of these studies. In ARIC, race was considered, but inclusion in modeling did not increase predictability beyond the traditional risk factors, and ARIC confounded race and geography with most of the black study participants from the single Jackson (Mississippi) study site. 1 Currently available risk scores assume that the effect of risk factors is similar for blacks and whites. The Framingham Coronary Risk Score was validated in several racial/ethnic groups 9 ; however, this work did not assess the potential that risk factors could have a differential effect on whites and blacks. To our knowledge, the performance of the FSRS has not been assessed in different racial groups, and the possibility that risk factors could have a different role in blacks and whites has not been evaluated. We assessed the performance of the FSRS among black and white participants in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study to determine whether this tool is useful in both blacks and whites.
Methods
The REGARDS study is a national population-based cohort study that recruited 30 239 participants ≥45 years of age, with 45% men and 55% women, 42% black and 58% white. Recruitment began in January 2003 and was completed in October 2007. Twenty-one percent of the cohort was recruited from the buckle of the stroke belt (coastal plain region of North Carolina, South Carolina, and Georgia), 35% from the stroke belt states (remainder of North Carolina, South Carolina, and Georgia, plus Alabama, Mississippi, Tennessee, Arkansas, and Louisiana), and the remaining 44% from the other 42 contiguous states (goal was 30% belt, 20% buckle, 50% remainder of nation). Detailed study methods are published elsewhere. 10 In brief, participants were selected from commercially available lists of residents and were recruited using a combination of mail notification and telephone contact. Verbal consent and baseline data, including demographics, smoking history, and cardiovascular risk factor history, were collected via computer-assisted telephone interview. After completion of the baseline interview, an in-home visit was performed to collect physical measurements, including blood pressure, blood and urine samples, ECG, and a signed informed consent. Blood was processed centrally at the University of Vermont, and ECGs were read centrally at Wake Forest University School of Medicine. Follow-up phone contact is made at 6-month intervals for surveillance of suspected stroke events, with medical records for suspected events retrieved and adjudicated by a panel of physicians. The study was approved and monitored by the institutional review boards at all participating institutions.
Framingham Stroke Risk Factors
Age, sex, use of antihypertensive medications, and smoking were all based on self-report during the initial phone interview. Age was categorized as young (45-64 years), middle (65-74 years), or older (≥75 years). Heart disease was defined as self-report of myocardial infarction, bypass, angioplasty or stenting, or EGC evidence of myocardial infarction. Participants were considered diabetic if their fasting glucose was ≥126 (or ≥200 if they were not fasting) or if they self-reported medication use for diabetes mellitus. Systolic blood pressure was the average of 2 seated measurements. Determination of atrial fibrillation was by self-report of a physician diagnosis or ECG evidence, and left ventricular hypertrophy was based on ECG evidence.
Determination of Stroke Events
Events reported during follow-up as possible stoke, transient ischemic attack, death, hospitalization, or emergency department visit for brain aneurysm, brain hemorrhage, stroke symptoms, or unknown reason prompted a request for medical records. Initial review by a stroke nurse excluded obvious nonstrokes; the remaining medical records were centrally adjudicated by physicians. For deaths without medical records, death certificates were examined and adjudicated, and proxy interviews undertaken. Stroke events were defined following the World Health Organization definition. 11 Those events not meeting the WHO definition but with symptoms lasting >24 hours and neuroimaging consistent with acute ischemia or hemorrhage were classified as clinical strokes and were included in analyses.
Statistical Analysis
We assessed the prevalence of the FSRS factors among REGARDS participants at baseline by race-sex strata, computed the FSRS, and compared the FSRS factors across race-sex strata using ANOVA or χ 2 tests of association, as appropriate. We then fit Poisson regression models to estimate the observed stroke incidence rates. We compared the observed stroke rates with those predicted by the FSRS by computing the ratio of the predicted to observed risk and the 95% confidence intervals around the risk ratios. We compared the observed and predicted stroke rates overall, by levels of predicted FSRS levels and by levels of FSRS risk factors for each race-sex stratum. Because of missing stroke data due to ongoing adjudication of stroke events, as well as differential retrieval of medical records, we used multiple imputation techniques to classify in-process stroke events using a logistic function predicting the likelihood that an attempted record retrieval would result in an adjudicated stroke. 12 Ten imputed data sets were used, and 22% of reported events were eligible to be imputed.
Results
Among 27 748 stroke-free participants at baseline followed for an average of 5.6 years, 30% were white women, 30% were white men, 25% were black women, and 15% were black men. Table 1 presents the average 10-year FSRS and the prevalence of FSRS risk factors by race-sex strata. All factors differed significantly across race-sex strata. Predicted stroke risk was highest in black men (11.9% 10-year risk; SD, 10.0), followed by white men (11.0% 10-year risk; SD, 9.6), black women (10.2% 10-year risk; SD, 12.1), and white women (7.8% 10-year risk; SD, 10.2). A similar pattern in the association between race-sex stratum and systolic blood pressure was observed. Table 2 provides the ratio of the expected-to-observed annualized stroke risk by race-sex strata, overall (Figure 1) , by quintiles of the FSRS (Figure 2) , and by levels of each of the FSRS risk factors (Figures I and II in the online-only 
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Data Supplement). Overall, the FSRS overestimated the annualized predicted risk across all race-sex strata, and the overestimation was highest among white men, followed by black and white women, then black men. Considering the ratio of expected-to-observed stroke risk by quintile of the FSRS across all race-sex strata, the FSRS overestimated the annualized predicted risk. In particular, those at highest risk for stroke (fifth quintile of the FSRS) had the largest overestimation, and the overestimation was significantly >0 for all 4 race-sex strata. The magnitude of overestimation in the top quintile of predicted risk was about the same for white and black men, but was larger for black women than for white women. The ratio of expected-to-observed stroke risk by race-sex strata across the levels of each of the factors contributing to the FSRS indicated that across all risk factors, at all levels, the FSRS overestimated the stroke risk relative to that observed. The overestimation was particularly large at higher levels of risk factors, such as for those with stage II hypertension and for those with atrial fibrillation. With respect to race and sex, there were no consistent patterns regarding for whom the overestimation was largest. In some cases, the overestimation was larger for blacks than for whites (eg, for women with stage II hypertension, or for female smokers), whereas in other cases, the overestimation was worse for whites than for blacks (eg, male nonsmokers or for men with left ventricular hypertrophy).
Discussion
In this large cohort of black and white adults aged ≥45 years, the validity of the FSRS was confirmed by a clearly higher observed number of stroke events among those with higher by guest on June 6, 2017 http://stroke.ahajournals.org/ Downloaded from FSRS scores; however, the FSRS overestimated the observed stroke rates, particularly in certain subgroups. Generally, the FSRS suggested there should be approximately twice as many strokes occurring than we detected, and with a few exceptions, this was consistent across strata defined by the risk factors. This overestimation of stroke risk is similar to the suggested overestimation of risk that has been central to the controversy surrounding the predicted atherosclerotic cardiovascular disease risk in the ACC/AHA guideline instrument. 2 The FSRS is not the only stroke risk score that is available. Several others have been developed, including the CHS risk score, 5 the ARIC risk score, 6 and others. 7, 8 Although REGARDS does not have all of the variables contributing to each of these, it is expected that the results would be the similar to those observed with the FSRS, given the similarities among the performance of the scores. 6, 13 While the magnitude of the expected-to-observed ratio of strokes was reasonably consistent, there were several exceptions. For all 4 race-sex strata, the expected-to-observed ratio was higher for study participants in the highest quintile of the FSRS. This finding supports the notion that preventive treatments reduced the number of events in these individuals. This is particularly the case for white men and black women with stage II hypertension (systolic blood pressure ≥160 mm Hg). The expected-to-observed ratio was also quite high for both black men and women with atrial fibrillation, potentially suggesting that treatment of this condition has improved with time. With these exceptions, the magnitude of the expected-to-observed ratio of events was reasonably consistent, suggesting more of a general change in risk of stroke.
With REGARDS being one of the validation studies for the new ACC/AHA guideline models that showed lower observed than predicted risk, we have suggested 4 potential contributors to the overestimation of risk.
14 First, several of the studies used to develop the risk equation included both self-reported events with subsequent medical record adjudication and active surveillance for events in community hospitals, whereas in REGARDS, we used only self-reported events to retrieve records for subsequent adjudication. As such, we may be systemically missing some stroke events. Second, dynamic temporal changes in the prevalence of statin use, which was not considered in the validation cohorts including REGARDS, could contribute to fewer events than expected. Third, increased use of revascularization could contribute to fewer events than expected. 15 Finally, the duration of follow-up was relatively shorter in REGARDS compared with the studies used to develop the risk functions. All of these factors could potentially be playing a role in the overestimation of stroke events in this report. However, our follow-up contacts were quite good (76% of participants completed >75% of anticipated follow-up contacts), and we cast a very broad net for suspected events (>4 suspected events were reviewed for each event adjudicated to be a stroke). In addition, incident statins use have at most a 30% effect on stroke risk 16 only in the subset of the population beginning treatment; carotid revascularization would have an effect a relatively small portion of the population; and our estimates are stable with >800 stroke events.
Alternatively, with the Framingham study having a cohort assessed before 2000 and the REGARDS cohort assessed after 2000, the overestimation could be a product of a dramatic temporal decline in incident stroke. Between 1999 and 2010, data from the Center for Disease Control and Prevention's Wide-Ranging Online Data for Epidemiologic Research (CDC WONDER) show that there has been a decrease in age-adjusted death from stroke (International Classification of Diseases, Tenth Revision: I60-I69) from 61.6/100 000 to 39.1/100 000 (a 37% decrease), 17 with most thinking that the decline in mortality is primarily attributable to a decline in incidence. We think that a substantial portion of the overestimation of stroke risk is associated with these dramatic declines in stroke risk, suggesting the need for a recalibration of the risk formulas for incident stroke and highlighting the need for ongoing epidemiological studies that can address issues such as this over time.
As with all research, this study has limitations. Although the FSRS is designed to determine 10-year risk of stroke, we only have 5.6 years of follow-up thus far in REGARDS and thus have annualized stroke rates. We have made the assumption that the rates are constant with time, and this may not be true. Furthermore, we rely on participant report of stroke, which may introduce a bias due to underreporting of potential events, inability to obtain medical records for stroke adjudication, or losses to follow-up. Although we have minimized these biases by using external resources such as National Death Index searches and relying on proxy reports, as well as by imputing events that are still in process, they still may exist. In summary, among black and white participants in the REGARDS cohort, the FSRS overestimated the actual stroke risk, across sex and race, and at all levels of observed risk factors. The ability to estimate stroke risk accurately is important for planning research and for targeting clinical efforts toward stroke prevention. Our results might be explained by secular trends in stroke incidence since the FSRS was developed. Thus, future research should focus on estimating stroke risk more accurately across races in the context of current medical care trends.
